Approximately 1,701,500 people were employed as heavy and tractor-trailer truck drivers in the United States in 2012. The majority of them were long-haul truck drivers (LHTDs). There are limited data on occupational injury and safety in LHTDs, which prompted a targeted national survey. The National Institute of Occupational Safety and Health conducted a nationally representative survey of 1265 LHTDs at 32 truck stops across the contiguous United States in 2010. Data were collected on truck crashes, near misses, moving violations, work-related injuries, work environment, safety climate, driver training, job satisfaction, and driving behaviors. Results suggested that an estimated 2.6% of LHTDs reported a truck crash in 2010, 35% reported at least one crash while working as an LHTD, 24% reported at least one near miss in the previous 7 days, 17% reported at least one moving violation ticket and 4.7% reported a non-crash injury involving days away from work in the previous 12 months. The majority (68%) of non-crash injuries among company drivers were not reported to employers. An estimate of 73% of LHTDs (16% often and 58% sometimes) perceived their delivery schedules unrealistically tight; 24% often continued driving despite fatigue, bad weather, or heavy traffic because they needed to deliver or pick up a load at a given time; 4.5% often drove 10 miles per hours or more over the speed limit; 6.0% never wore a seatbelt; 36% were often frustrated by other drivers on the road; 35% often had to wait for access to a loading dock; 37% reported being noncompliant with hours-of-service rules (10% often and 27% sometimes); 38% of LHTDs perceived their entry-level training inadequate; and 15% did not feel that safety of workers was a high priority with their management. This 
safety climate could have an influence on their driving behaviors (Zohar, 2010; Boyle et al., 2010; Brady et al., 2009; Chen et al., 2015; NIOSH, 2007) . Unsafe driving behaviors are the risk factors for motor vehicle crashes (ATRI, 2011; NHTSA, 2014 ; AAA Foundation for Traffic Safety, 2015; CDC, 2015) .
Truck drivers are a mobile and difficult to reach population because they are on the road away from home most of the time. As a result, the majority of previous studies of LHTD safety were often on a small scale, used a convenience sample (Chen and Chen, 2011; Bunn et al., 2013; Khorashadi et al., 2005; Stevenson et al., 2010) , examined one or a few risk factors at a time (ATRI, 2011) , or included only a subgroup of LHTDs (e.g., independent owner operators or company drivers) . Results from these studies were thus often not generalizable to all LHTDs in the United States.
In 2010, the National Institute for Occupational Safety and Health (NIOSH) conducted the National Survey of LHTD Health and Injury (Sieber et al., 2014) . The objective of the NIOSH survey was to assess the prevalence of selected health outcomes and injuries from a nationally representative sample of U.S. LHTDs. While results from the health component of the survey and the survey methodology were reported in Sieber et al. (2014) , this paper presents the descriptive analysis showing results of the injury and safety component of the NIOSH LHTD survey. More in-depth analysis of the survey data is forthcoming. The goal of this paper is to provide descriptive data on truck crashes, work-related injuries, work environments, safety climate, driver training job satisfaction, and driving behaviors among U.S. LHTDs.
Methods

Survey methods and study population
The NIOSH survey was a cross-sectional, personal interview of LHTDs at 32 truck stops along select interstate highways across the contiguous United States in October to December 2010. A complex three-stage sampling process was used to achieve a best possible nationally representative sample of LHTDs: (1) a selection of interstate or other limitedaccess highway sections, (2) a selection of individual truck stops along the selected highway sections, and (3) a selection of drivers for interview at the selected truck stops.
LHTDs were eligible for the survey if they had driven a truck with three or more axles as their main job for at least 12 months and took at least one mandatory 10-h rest period away from home during each delivery run. Eligible drivers were asked to participate in the survey and provided informed consent. If eligible drivers were not willing or unable to participate in the full-length interview due to time or other constraints, they were asked to participate in a short non-respondent interview that collected basic demographic information. As a result of the data collection, 1265 LHTDs completed the full interview. Details of the sampling design, survey administration, data collection, and response rate can be found in Sieber et al. (2014) .
Questionnaire development
In the development of the survey instrument, a stakeholder meeting was conducted to solicit input. Participants in the stakeholder meeting included representatives from the trucking industry, Owner Operator Independent Drivers Association, unions, Federal Motor Carrier Safety Administration (FMCSA), academia, and other truck and roadway safety organizations. The injury questionnaire was designed to collect date on roadway safety, work-related injuries (truck crash injuries and non-crash injuries), work environment, safety culture, drivers' opinions on their training, and drivers' attitudes. Truck driver demographic and employment history questions were adapted from Belman and Monaco (2004) . The draft questionnaire was reviewed by truck safety and survey design experts from academia and governmental agencies. Two cognitive tests and one pretest were conducted with LHTDs to evaluate the questionnaire and survey administration. The survey was approved by both the Office of Management and Budget (OMB no. 0920-0865) and the NIOSH Human Subjects Review Board. The questionnaire is available from the authors upon request.
Measures of injury and safety
Three roadway safety outcomes were measured: (1) number of Department of Transportation (DOT) recordable truck crashes since working as a LHTD and in what calendar year the first and the most recent crash occurred. A DOT recordable crash is a truck crash on a public road in intrastate or interstate commerce that resulted in a fatality, an injury to a person requiring immediate treatment away from the scene of the accident, or disabling damage to a vehicle, requiring it to be towed (FMCSA, 2013) . In this study, two truck crash totals were tabulated, the number of crashes in 2010 and the cumulative number of crashes since working as a LHTD. (2) Number of a near miss in the previous 7 days. A near miss was defined as an incident on a public road that made the truck driver feel lucky not to have been in a crash while driving a truck at work. (3) Number of moving violation tickets in the previous 12 months.
Truck crash injuries and work-related non-crash injuries were collected separately. A truck crash injury was defined as an injury caused by a truck crash which required immediate medical attention by a doctor, nurse, paramedic, or other health professional. The truck crash injury data were restricted to those occurred in the most recent crash. A non-crash injury was defined as a work-related injury which required the worker to visit a doctor or other health professional. Non-crash injuries were restricted to those that occurred in the previous 12 months. The definition of lost work day injury was adapted from the BLS Survey of Occupational Injuries and Illness (BLS, 2014c).
Work environment was examined by using the following questions: hours worked in the past 7 days, miles driven in the past 12 months, delivery schedule, traffic congestion, loading dock waiting, work compensation methods (paid by-the-miles or by-the-hours). Safety climate questions were adopted from the NIOSH Quality of Worklife questionnaire (NIOSH, 2002) . Safety climate data were only collected from drivers who worked or contracted for a company.
To assess the status of truck driver training, data were collected on drivers' opinions on the training they received at the beginning of their career and at the time of the survey was conducted. To examine driver attitudes, questions were asked on truck drivers' frustrations by other drivers on the road and operations on the loading dock. Truck drivers were also asked whether they felt their work was adequately rewarded. To examine driving behaviors, questions were asked on frequency of seatbelt wearing, frequency of speeding, frequency of hours-of-service (HOS) regulations noncompliance, and how often they continued driving despite fatigue, bad weather, or heavy traffic because they must deliver or pick up a load at a given time.
Statistical analysis
Each completed interview had an associated probability weight representing the inverse of combined probabilities of selection in each of the three sampling stages and a non-response adjustment. The national estimates of the total number of LHTDs and percentages of drivers responding to individual interview questions were determined as the sum of the probability weights for responding truck drivers. Variances of the national estimates were calculated using the jackknife replication method for complex survey data (Rust and Rao, 1996) . National estimates and 95% confidence intervals (CIs) were computed by using the SAS PROC SURVEYMEANS for interval-level variables and PROC SURVEYFREQ for nominal variables (SAS Institute, 2011) . Any nationally weighted estimate that had a coefficient of variation greater than 0.3 was considered unstable and not reported in this paper. Details of the probability weighting for computation of the national estimate and the 95% CI can be found in Sieber et al. (2014) .
Results
Among the 1265 who completed the full interviews, LHTDs reported a mean age of 48 years (95% CI, 46-49) and had worked an average of 16 years (95% CI, 14-19) as an LHTD. The majority of LHTDs (94%; 95% CI, 91-96%) were male. An estimated 65% (95% CI, 60-69%) of LHTDs were company drivers, 28% (95% CI, 22-34%) were owneroperators who leased to a motor carrier, and 7.4% (95% CI, 3.6-11.3%) were owneroperators who operated under their own authority. Demographic details about the population are available in Sieber et al. (2014) .
An estimated 2.6% of LHTDs reported a truck crash in 2010 (Table 1) . Since working as an LHTD, 35% of LHTDs reported at least one crash and 12% reported two or more. In the previous 7 days, 24% reported at least one near miss and 12% reported two or more. In the previous 12 months, 17% reported receiving a ticket for a moving violation and 5.3% had been ticketed two or more times. Of those LHTDs who reported a truck crash, 15% were injured in their most recent truck crash.
An estimated 7.3% of LHTDs reported at least one non-crash injury during the previous 12 months. Of these injuries, 64% resulted in days away from work. This result is equivalent to an estimated 4.86% (95% CI, 3.16-6.20%, not shown in Table 1 ) of LHTDs or 486/10,000 reporting a non-crash injury involving days away from work in the previous 12 months.
Among the company drivers who had a non-crash injury involving days away from work, 68% did not report the injury to their employer.
LHTDs reported, on average, working 60 (95% CI, 56-65) hours a week and driving 107,700 (95% CI, 101,400-113,900) miles a year. An estimated 66% (95% CI, 62-70%) of LHTDs were paid by the mile for their work and 78% (95% CI, 70-86%) drove alone at work (data not shown in the tables). In the previous 12 months, LHTDs reported having to wait for access to a loading dock (35% often and 50% sometimes); traffic congestion significantly delaying their delivery (17% often and 61% sometimes); being in noncompliance with hours-of-service (HOS) rules (10% often and 27% sometimes); and perceived that their delivery schedules were unrealistically tight (16% often and 58% sometimes) ( Table 2 ). LHTDs reported getting frustrated by other drivers on the road (36% often and 54% sometimes) and by operations at the loading dock (23% often and 49% sometimes). Regarding how drivers felt about being rewarded for their work, 29% felt that their work had never been adequately rewarded. As for driving behaviors, only 86% reported often wearing a seatbelt while driving a truck, 69% reported never driving 10 miles per hour or more over the speed limit, 71% (24% often, 47% sometimes) reported continuing driving despite fatigue, bad weather, or heavy traffic because they needed to deliver or pick up a load at a given time.
As for training, only 62% of LHTDs perceived that they had adequate training at the beginning of their career to safely drive a truck under all road and weather conditions, and 97% perceived that at the time of the interview, they had adequate training to safely handle and secure their cargo (Table 3) . Owner operators who leased to a motor carrier and company drivers were asked questions regarding their company safety climate; 82% of them reported that their company had written safety programs and policies, rules, or guidelines regarding workplace safety.
Discussion
This NIOSH survey is the first national survey describing LHTD truck crashes, work-related injuries, work environments, safety climate, driver training, attitude, and behaviors in one national profile. The survey suggests that U.S. LHTDs operate in a work environment with a number of potentially adverse factors, including long work hours (60 h weekly compared to 42 weekly for the general U.S. full-time workers) (BLS, 2012), being paid by the mile, perceived unrealistically tight delivery schedules, being forced to wait for access to a loading dock, traffic congestion, and other factors. It is reasonable to hypothesize that the stressful work environment factors, frustrations, unsafe driving behaviors, and the high prevalence of truck crashes and injuries among LHTDs are interconnected. More in depth analyses of the survey data have been planned to examine the associations among truck crashes, truck driver injures, and potential risk factors (Chen et al., 2015) . cumulative risk of truck crash, and (3) the estimate of 12% of LHTDs who reported two or more crashes since working as a LHTD can be considered as the risk of repeated truck crashes. The estimate of 2.6 crashes per 100 LHTDs annually is equivalent to 24 crashes/100 million vehicle miles traveled (VMT) based on the reported 107,700 average annual VMT per LHTD in this survey, which is lower than the FMCSA's estimate of 95 crashes/100 million VMT for large trucks involved in injury and property damage crashes in 2010 (FMCSA, 2012a). However, there is a difference in the types of trucks between the two estimates. The FMCSA's estimate is for large trucks that are defined as a truck with a gross vehicle weight rating (GVWR) greater than 10,000 pounds. LHTDs drive a heavy truck with a GVWR greater than 25,000 pounds. The crash rate for heavy trucks only is not available in the current literature. Additionally, the estimate of 2.6 crashes/100 LHTDs likely underestimates the true risk of a truck crash among LHTDs in 2010 because the LHTDs who were interviewed in October and November had less than 12 months of work activities to report in 2010.
A striking finding from the survey was that the majority (68%) of non-crash injuries involving days away from work among company drivers were not reported to employers. Workers may not report an injury to their employers because of fear of being fired or disciplined (House of Representatives, 2008) . It is also noteworthy that financial incentives for safety have the potential to discourage reporting of incidents/injuries. In the trucking industry, a multi-tiered subcontracting structure, being paid by the miles, and being away from home and company headquarters for days or weeks in a row could arguably exacerbate underreporting of injuries (Rodriguez et al., 2006) . Being paid by the mile rather than by the hour might make it possible for LHTDs to take days off work without reporting a non-crash injury to their employers. The overtime exemption under the Fair Labor Standards Act for truck drivers might also have an implication for injury underreporting (DOL, 2009 ). More studies are needed to examine the issues related to the high percentage of injuries that were not reported among company drivers. The problem of underreporting of injuries among truck drivers is not confined to the United States; research in Australia found that workers under pressure or holding insecure jobs might be reluctant to report their injuries, and that working with an injury is common in the trucking industry (Quinlan and Mayhew, 1999; Mayhew and Quinlan, 2006) .
A small percent of LHTDs reported unsafe driving behaviors: often driving 10 miles per hour or more over the speed limit (4.5%), never using a seatbelt while driving a truck (6.0%), and receiving two or more moving violation tickets in the previous 12 months (5.3%). This finding is consistent with a previous study suggesting a relatively small percentage of commercial motor vehicle drivers (10-15%) accounted for a disproportionate percentage of total fleet risk (30-50%) measured by critical incidents, which were defined as significant unsafe driver actions or "near-crashes." Knipling et al. (2004) suggested that the trucking industry could pilot test behavioral safety management techniques that target the high-risk drivers. These techniques might include performance evaluation and feedback, training and counseling, performance incentives, behavior-based safety, and driver selfmanagement. The effectiveness of various management interventions including both positive rewards and negative discipline need to be evaluated (Knipling et al., 2004) .
Results from the survey suggest that near misses and moving violations are common among LHTDs. Data on near misses and moving violations are useful to study and predict crashes and injuries (Morrow and Crum, 2004; Gilbertson, 2005; Hanowski et al., 2007; Blanco et al., 2008; McKinnon, 2012) . Studies (Murray et al., 2006; ATRI, 2011) suggested that moving violations were associated with the risk of truck crashes. Some U.S. companies have used onboard safety monitoring technologies to monitor near misses and provide feedback to truck drivers (Hickman and Hanowski, 2010) . Similarly, the U.S. Aviation Safety Reporting System (ASRS) has been collecting confidential, voluntary reports of near misses from pilots, flight attendants, and air traffic controllers since 1976. ASRS data are used to: identify deficiencies and discrepancies in the National Aviation System so that they can be remedied by appropriate authorities, support policy formulation, and strengthen the foundation of aviation human factors safety research (ASRS, 2014) . In the trucking industry, efforts could be considered to pilot test near miss reporting systems and evaluate their effectiveness. In addition, forward collision, lane departure warning systems, and roll stability control technologies have been used in the U.S. trucking industry for collision prevention and mitigation (Chen et al., 2004; Hickman et al., 2015) .
Findings from this survey also suggest that LHTDs commonly receive what they perceive to be unrealistically tight delivery schedules. An unrealistically tight delivery schedule might be an underlying cause of speeding, driving while fatigued, and noncompliance with HOS rules (McCartt et al., 2008) . HOS rules are issued by the FMCSA and govern when and how long a commercial motor vehicle driver may drive (FMCSA, 2014c) . NIOSH suggests that companies should schedule work so that drivers can safely make time-sensitive deliveries (NIOSH, 2013) . Other intervention measures may include educating drivers, carriers, shippers, and customers/clients about the safety risks of unrealistically tight delivery schedules and the costs of truck crashes; and strengthening HOS regulation enforcement.
The finding that more than one-third (38%) of LHTDs perceived not receiving adequate training at the beginning of their career as an LHTD suggests the need for improvement of entry-level driver training. The projected 11% increase in heavy and tractor-trailer truck driver employment from 1,701,500 in 2012 to 1,894,100 in 2022 1,894,100 in (BLS, 2013 makes the need for entry-level training imperative. Federal regulations require that entry-level driver training include instruction addressing only the following four areas: (a) driver qualification requirements including medical certification and general qualifications, (b) HOS and fatigue countermeasures as a means to avoid crashes, (c) driver wellness, and (d) whistleblower protection (FMCSA, 2012b) . Training requirements for drivers of longer combination vehicles (LCVs) (i.e., combinations of multiple trailers on a truck-tractor, as compared to the standard 5-axle semi-trailer-trucks with one trailer) are more comprehensive and prescriptive (FMCSA, 2012b) .
The self-reported data collected in this survey are subject to possible recall and interviewer bias. To minimize these biases, the survey employed experienced interviewers, standard interview protocols, and survey-specific training. Another potential limitation is social desirability bias. Some drivers may have given the socially and legally appropriate answers to questions about speeding, moving violations, seat belt use, and HOS noncompliance. This bias was minimized by the anonymous nature of this survey. Some questions in the survey are subjective and the answers represent drivers' perspective, e.g., the questions regarding training. The survey did not include crashes and non-crash injuries resulting in the injured driver being unable to continue to work as an LHTD; therefore, the estimated rates for truck crashes and injuries involving days away from work likely underestimates the true risks of crash and non-crash injuries among LHTDs. The survey was conducted in the months from October to December; according to DOT's Transportation Service Index, truck activities were increased by 1-3% in November and December compared to the rest of 2010 (DOT, 2013) . More discussion on the general strengths and limitations of the NIOSH survey is included in Sieber et al. (2014) and Chen et al. (2015) .
Conclusions
This NIOSH survey brings to light a number of critical safety issues/patterns that are worth considering for future research and interventions: (1) the high prevalence of truck crashes; more than a third of LHTDs had at least one truck crash and 12% had two or more while working as an LHTD, (2) the majority of lost work day non-crash injuries in company drivers were not reported to employers, (3) driving under schedules they perceived as unrealistically tight and noncompliance with HOS rules were common among LHTDs, and (4) a substantial number of LHTDs perceived that they did not receive adequate entry-level driver training. The survey results provide the needed data for developing research hypotheses and intervention strategies. Surveillance through repeated data collections are needed to track progress and changes in safety among LHTDs overtime. a Weighted national estimates were computed by using all non-missing survey responses.
b Only company drivers and owner operators who leased to a motor carrier were asked the safety climate questions.
